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>54)  Heat-resistant  galvanized  iron  alloy  wire. 

(57)  A  heat-resistance  galvanized  iron  alloy  wire  is  disclosed. 
The  wire  is  comprised  of  an  iron  alloy  wire  core  which  may 
be  an  Fe-Ni  type  alloy.  The  core  is  coated  on  its  periphery 
with  a  Zn-AI  alloy.  The  alloy  is  comprised  of  0.2  to  14  wt%  Al 
with  the  balance  being  Zn.  The  Zn-AI  alloy  may  contain  small 
amounts  of  typical  impurities  or  compounds  included  in 
order  to  prevent  the  oxidation  of  the  Zn  or  Al.  The  resulting 
wire  has  excellent  heat-resistant  properties. 
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  A  heat-resistance  galvanized  iron  alloy  wire  is  disclosed. 
The  wire  is  comprised  of  an  iron  alloy  wire  core  which  may 
be  an  Fe-Ni  type  alloy.  The  core  is  coated  on  its  periphery 
with  a  Zn-Al  alloy.  The  alloy  is  comprised  of  0.2  to  14  wt%  Ai 
with  the  balance  being  Zn.  The  Zn-Al  alloy  may  contain  small 
amounts  of  typical  impurities  or  compounds  included  in 
order  to  prevent  the  oxidation  of  the  Zn  or  Al.  The  resulting 
wire  has  excellent  heat-resistant  properties. 



FIELD  OF  ..THE  I N V E N T I O N  

T h i s   i n v e n t i o n   r e l a t e s   to   a  g a l v a n i z e d   i r o n   a l l o y  

w i r e ,   and   more   p a r t i c u l a r l y   to   a  h e a t - r e s i s t a n t   g a l v a n i z e d  

i r o n   a l l o y   w i r e   w h i c h   e x c e l s   in   r e s i s t a n c e   to   h e a t .  

BACKGROUND  OF  THE  INVENTION 

In  r e c e n t   y e a r s ,   h e a t - r e s i s t a n t   s t e e l - c o r e  

a l u m i n u m   s t r a n d s   ( h e r e i n a f t e r   r e f e r r e d   to   as  ACSR)  h a v e  

b e e n   u s e d   f o r   t h e   p u r p o s e   of   i n c r e a s i n g   p o w e r   t r a n s m i s s i o n  

c a p a c i t y   and  i m p r o v i n g   r e l i a b i l i t y   of   p o w e r   s y s t e m s   by  o n e -  

l i n e   o p e r a t i o n   when  t h e r e   i s   t r o u b l e   d u r i n g   t h e   t w o - l i n e  

o p e r a t i o n .   The  i r o n   a l l o y   w i r e s   i n c o r p o r a t e d   in   s u c h   h e a t -  

r e s i s t a n t   ACSR's   f o r   f i e l d   u s e   a r e   g e n e r a l l y   o b t a i n e d   b y  

c o a t i n g   s t e e l   w i r e s   of  ACSR  g r a d e   w i t h   a l u m i n u m   or   z i n c .  

A l t h o u g h   t h e   Al  c o a t i n g   i s   e x c e l l e n t   in   r e s i s t -  

a n c e   to   c o r r o s i o n   and  h e a t ,   i t   i s   e x p e n s i v e .   The  z i n c  

c o a t i n g   i m p r o v e s   t h e   r e s i s t a n c e   of   ACSR  to   c o r r o s i o n ,   i f   t o  

a  l e s s e r   e x t e n t   t h a n   t h e   Al  c o a t i n g ,   and  i s   i n e x p e n s i v e .  

I t   n e v e r t h e l e s s   f o r m s   an  F e - Z n   c o m p o u n d   and  l o s e s   t o u g h n e s s  

on  e x p o s u r e   to   h e a t .   F u r t h e r ,   z i n c   p l a t i n g   t e n d s   to   b e  

s t r i p p e d   a t   h i g h   t e m p e r a t u r e s   as  d e s c r i b e d   in   N i p p o n  

K i n z o k u   G a k k a i   S h i  3 9   (1975)   pp  9 0 3 - 9 0 8 .   S i n c e   t h e   t e m p e r -  

a t u r e   a t   w h i c h   t h e   ACSR's   a r e   u s e d   may  r i s e   as  h i g h   a s  

245°C  a t   t i m e s ,   t h e   z i n c   c o a t i n g   has   f a i l e d   to   f i n d   e x t e n -  

s i v e   u t i l i t y   in  a p p l i c a t i o n   to   c o r e s   of  h e a t - r e s i s t a n t  

A C S R ' s .  



SUMMARY  OF 'THE  INVENTION 

T h i s   i n v e n t i o n ,   p e r f e c t e d   w i t h   a  v i e w   to  e l i m i -  

n a t i n g   t h e   d r a w b a c k s   s u f f e r e d   by  c o n v e n t i o n a l  A C S R ' s  a s  

d e s c r i b e d   a b o v e ,   i s   a i m e d   a t   p r o v i d i n g   a  g a l v a n i z e d   i r o n  

a l l o y   w i r e   h a v i n g   a  z i n c   c o a t i n g   o f   n o t a b l y   i m p r o v e d  

t h e r m a l   r e s i s t a n c e   s u c h   t h a t   t h e   i r o n   a l l o y   w i r e   m a y  

a c q u i r e   t h e r m a l   r e s i s t a n c e   o p t i m u m   f o r   t h e   w i r e   to   be  u s e d  

in   h e a t - r e s i s t a n t   A C S R ' s   in   p a r t i c u l a r .  

To  be  s p e c i f i c ,  t h i s   i n v e n t i o n   r e l a t e s   to   a  h e a t -  

r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   c o m p r i s i n g   an  i r o n  

a l l o y   w i r e   and  a  c o a t i n g   f o r m e d   on  t h e   p e r i p h e r y   of   s a i d  

i r o n   a l l o y   w i r e   w i t h   a  Z n - A l   a l l o y   s u b s t a n t i a l l y   c o m p r i s i n g  

0 .2   to   14  wt%  o f   Al  and   t h e   b a l a n c e   o f   Zn  and   i n c l u d i n g  

i n e v i t a b l y   e n t r a i n e d   i m p u r i t i e s .  

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

-  The  i r o n   a l l o y   w i r e   to   be  u s e d   in   t h i s   i n v e n t i o n  

i s   f o r m e d   o f   s t e e l ,   s p e c i a l   s t e e l   i n c o r p o r a t i n g   some  a l l o y  

e l e m e n t ,   o r   an  i r o n   a l l o y .   The  F e - N i . t y p e   a l l o y   w h i c h   i s  

a t t r a c t i n g   k e e n   a t t e n t i o n   on  a c c o u n t   o f   i t s   s m a l l   t h e r m a l  

e x p a n s i o n   c o e f f f i c i e n t   may  be  a d o p t e d   a s  a n   i r o n   a l l o y   f o r  

t h i s   i n v e n t i o n .   T h i s   p a r t i c u l a r   a l l o y   may  i n c o r p o r a t e   35  

to   42  wt%  of   Ni  o r   i n c o r p o r a t e   a  t o t a l   of   0 . 2   to   10  wt%  o f  

a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

C r ,   Mo,  S i ,   Mn,  C,  Nb,  C o ,  A l ,   Mg,  and  T i .   The  i n c o r p o r a -  

t i o n   of   s u c h   a d d i t i v e   e l e m e n t s   i s   e x p e c t e d   to   b r i n g   a b o u t  



an  e f f e c t   of   e i t h e r   s t r e n g t h e n i n g   t h e   F e - N i   t y p e   a l l o y   o r  

p r e v e n t i n g   t h e   t h e r m a l   e x p a n s i o n   c o e f f i c i e n t   f rom  b e i n g  

i n c r e a s e d .  

E x a m p l e s   of   t h e   i r o n   a l l o y   w i r e s   w h i c h   can   b e  

u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i n c l u d e   a  s t e e l   w i r e   c o n s i s t -  

i n g   of   0 . 6 2   wt%  of   C,  0 . 2 7   wt%  of   S i ,   0 . 7 3   wt%  of   Mn  a n d  

t h e   b a l a n c e   b e i n g   Fe  and  u n a v o i d a b l e   i m p u r i t i e s ,   a  s t e e l  

w i r e   c o n s i s t i n g   of   0 . 8 0   wt%  of   C,  0 . 2 2   wt%  of  S i ,   0 . 7 0   wt% 

of  Mn  and   t h e   b a l a n c e   b e i n g   Fe  and   u n a v o i d a b l e   i m p u r i t i e s ,  

and  an  F e - N i   a l l o y   w i r e   c o n s i s t i n g   of  35  to   40  wt%  of   N i ,  

2  to   5  wt%  of   Co,  0 .2   to   0 .8   wt%  of   C,  0 . 2   to   0 .8   wt%  o f  

S i ,   0 .2   to   0 . 8   wt%  of   Mn  and  t h e   b a l a n c e   b e i n g   Fe  a n d  

u n a v o i d a b l e   i m p u r i t i e s .  

F o r m a t i o n   of   t h e   Z n - A l   t y p e   a l l o y   c o a t i n g   on  t h e  

i r o n   a l l o y   w i r e   c o n t e m p l a t e d   by  t h i s   i n v e n t i o n   can   b e  

a c c o m p l i s h e d   by  any  of   v a r i o u s   c o a t i n g   m e t h o d s   s u c h   a s ,   f o r  

e x a m p l e ,   f u s i o n ,   c l a d d i n g ,   or   e x t r u s i o n .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   b e l o w  

w i t h   r e f e r e n c e   to   a  g a l v a n i z e d   i r o n   a l l o y   w i r e   f o r   u se   i n  

A C S R ' s .   T h i s   i n v e n t i o n   is   n o t   l i m i t e d   to   t h e   g a l v a n i z e d  

i r o n   a l l o y   w i r e   f o r   t h i s   p a r t i c u l a r   a p p l i c a t i o n .   I t  

e m b r a c e s   g a l v a n i z e d   i r o n   a l l o y   w i r e s   i n t e n d e d   f o r   i n c o r -  

p o r a t i o n   i n t o   s t r u c t u r a l   m a t e r i a l s   w h i c h   by  n a t u r e   a r e   u s e d  

u n d e r   c o n d i t i o n s   n o t   i n c a p a b l e   of   i n d u c i n g   e l e v a t i o n   o f  

t e m p e r a t u r e .  



G e n e r a l l y ,   an  i r o n   a l l o y   and  Zn  r e a c t   to  p r o d u c e  

t h r e e   c o m p o u n d   l a y e r s ,   γ ( g a m m a ) ,   6 ( d e l t a ) ,   and   ζ ( z e t a ) ,  

when  f u s e d   Zn  i s   d e p o s i t e d   on  t h e   i r o n   a l l o y   o r   when  t h e  

i r o n   a l l o y   a l r e a d y   c o a t e d   w i t h   Zn  i s   h e a t e d .   T h e s e   F e - Z n  

c o m p o u n d s   i m p a i r   t h e   t o u g h n e s s   of   t h e   g a l v a n i z e d   i r o n  

a l l o y .   When  t h e   g a l v a n i z e d   i r o n   a l l o y   i s   h e a t e d   a t   3 0 0 ° C  

f o r   100  h o u r s ,   f o r   e x a m p l e ,   t h e   v i b r a t o r y   f a t i g u e   s t r e n g t h  

t h e r e o f   i s   d e g r a d e d .   H e a t i n g   a t   300°C  f o r   100  h o u r s   a l s o  

l o w e r s   t h e   n u m b e r   of   t w i s t s   n o t a b l y   and  u n d e r   e x t r e m e  

c o n d i t i o n s ,   r e s u l t s   i n   s e p a r a t i o n   of  a l l o y   l a y e r s   a l o n g   t h e  

i n t e r f a c e s   in   some ,   i f   n o t   a l l ,   c a s e s .  

F o r   t h e   p u r p o s e   o f   c u r b i n g   t h e   g r o w t h   of   s u c h  

c o m p o u n d   l a y e r s ,   t h e   p r e s e n t   i n v e n t i o n   a d d s   0 . 2   to   14  wt% 

of  Al  to   Zn.  The  a d d i t i o n   of  0 . 2   to   14  wt%  of   Al  to   Zn 

c u r b s   t h e   o t h e r w i s e   p o s s i b l e   g r o w t h   of   t h e   c o m p o u n d   l a y e r s  

f o r m e d   b e t w e e n   t h e   Fe  a l l o y   and   t h e   Zn  a l l o y   w h i l e   f u s e d   Zn  

i s   d e p o s i t e d   on  t h e   i r o n   a l l o y   or   when  t h e   i r o n   a l l o y  

c o a t e d   w i t h   Zn  i s   h e a t e d .   T h i s   a d d i t i o n   i s   n o t   e f f e c t i v e  

when   t h e   a m o u n t   o f   Al  t h u s   a d d e d   i s   l e s s - t h a n   0 . 2   w t % .  

F u r t h e r ,   t h e   e f f e c t   o f   c u r b i n g   t h e   g r o w t h   of   s u c h   c o m p o u n d  

l a y e r s   i s   s a t u r a t e d   and   t h e   v i s c o s i t y   of  t h e   f u s e d   Z n - A l  

a l l o y   i s   i n c r e a s e d   and   t h e   s e p a r a t i o n   of   t h e   c o a t e d   i r o n  

a l l o y   i s   s e r i o u s l y   s p o i l e d   when  t h e   a m o u n t   o f   Al  so  a d d e d  

e x c e e d s   14  w t % .  



P r e f e r a b l y ,   t h e   a m o u n t   of  Al  to   b e  a d d e d   f a l l s   i n  

two  r a n g e s ,   0 .2   to  1 .0   wt%  and  4 . 5   to   5 .5   wt%,  and  m o s t  

p r e f e r a b l y . .   t h e   r a n g e   i s  f r o m   0 . 2  t o  1 . 0  w t % .  I f  t h e   a m o u n t  

of  Al  e x c e e d s   1 .0   wt%,  t h e   A l  c o m p o n e n t   in   t h e   f u s e d   Z n - A l  

a l l o y   u n d e r g o e s   o x i d a t i o n   to   p r o d u c e   d r o s s   and  i n d u c e s  

r i g o r o u s   f o r m a t i o n   of   A l 3 F e   due  to   t h e   r e a c t i o n   w i t h   t h e  

i r o n   a l l o y   w i r e ,   m a k i n g   i t   n e c e s s a r y   to  pay   due  a t t e n t i o n  

to   c o n t r o l l i n g   t h e   a m o u n t   of   t h e   Al  c o m p o n e n t .   I f   t h e  

a m o u n t   of   Al  f a l l s   in   t h e - r a n g e   of   4 . 5   to   5 . 5   wt%,  a l t h o u g h  

t h e   c o n t r o l   of  t h e   Al  c o m p o n e n t   b e c o m e s   d i f f i c u l t ,   t h e  

r e s u l t a n t   Zn -Al   a l l o y   b e c o m e s   an  a z e o t r o p e   p o s s e s s i n g   a  l o w  

m e l t i n g   p o i n t .   A c c o r d i n g l y ,   t h e   c o a t i n g   work   can   b e  

c a r r i e d   o u t   a t   l o w e r   t e m p e r a t u r e s ,   r e d u c i n g   t h e   t h e r m a l  

e f f e c t   e x e r t e d   on  t h e   i r o n   a l l o y   w i r e .  

F u r t h e r ,   t h e   p r e s e n t   i n v e n t i o n   f a c i l i t a t e s   t h e  

c o n t r o l   of  t h e   c o m p o n e n t s   of   t h e   Z n - A l   a l l o y   by  a d d i n g  

t h e r e t o   Be,  Ca,  and  r a r e   e a r t h   e l e m e n t s   s u c h   as  La  a n d / o r  

Ce,  w h i c h   a r e   c a p a b l e   of   p r e v e n t i n g   Z n  a n d   Al  f r o m   o x i d a -  

t i o n .   The  a m o u n t   of  t h e s e   e l e m e n t s   to   be  a d d e d   t h e r e t o   i s  

p r o p e r l y   s e l e c t e d   in   t h e   r a n g e   of   0 . 0 0 1   t o   0 .1   wt%,  e . g . ,  

0 . 0 0 5   w t % .  

EXAMPLE  1 

As  s t e e l   w i r e s   f o r   ACSR,  s t e e l   w i r e s   c o n f o r m i n g  

to  t h e   s p e c i f i c a t i o n   of  J I S   G - 3 5 0 6   w e r e   p r e p a r e d .   T h e s e  

s t e e l   w i r e s   were   p r o c e s s e d   by  t h e   c o m b i n a t i o n   of  d r a w i n g  



and   h e a t i n g   t r e a t m e n t s   to   a f f o r d   s t e e l   w i r e s   h a v i n g   a  

t e n s i l e   s t r e n g t h   of   133  kg/mm2  and   m e a s u r i n g   2 .9   mm  i n  

d i a m e t e r .   T h e s e   w i r e s   w e r e   m e c h a n i c a l l y   a b r a d e d - a n d  

e l e c t r o l y t i c a l l y   a b r a d e d   i n   a  s u l f u r i c   a c i d   b a t h ,   i m m e r s e d  

in   a  f l u x   s o l u t i o n   of   N H 4 C l - Z n C l 2   f o r   20  s e c o n d s ,   t h e n  

d r i e d ,   and   i m m e r s e d   in   Z n - A l   a l l o y   b a t h   of   a  v a r y i n g   m i x i n g  

r a t i o   i n d i c a t e d   in   T a b l e   1  a t   a  t e m p e r a t u r e   30°C  h i g h e r  

t h a n   t h e   l i q u i d - p h a s e   c u r v e   f o r   30  s e c o n d s   to   c o a t   t h e  

w i r e s   w i t h   Z n - A l   a l l o y .   A f t e r   t h e   i m m e r s i o n ,   t h e   c o a t e d  

w i r e s   w e r e   t e s t e d   f o r   a p p e a r a n c e ,   t e n s i l e   s t r e n g t h ,   n u m b e r  

of  t w i s t s   i n   s i t u e ,   n u m b e r   o f   t w i s t s   a f t e r   h e a t i n g   a t   3 0 0 ° C  

f o r   100  h o u r s ,   and   p o s s i b l e   s e p a r a t i o n   of  t h e   Zn  l a y e r  

d u r i n g   t h e   t e s t   f o r   t w i s t i n g .   The  r e s u l t s   w e r e   as  shown  i n  

T a b l e   1 .  



From  T a b l e   1,  i t   i s   n o t e d   t h a t   t h e   s a m p l e s   of  R u n  

Nos .   3 -7   a c c o r d i n g   to   t h i s   i n v e n t i o n   had   good   a p p e a r a n c e  

a f t e r   c o a t i n g ,   e x h i b i t e d   h i g h   t e n s i l e   s t r e n g t h ,   and   s h o w e d  

a  l a r g e   n u m b e r   of   t w i s t s .   They   r e t a i n e d   t h e   n u m b e r   o f  

t w i s t s   i n t a c t   and  showed   no  s i g n   of  s e p a r a t i o n   of   Zn  l a y e r  

d u r i n g   h e a t i n g   a t   300°C  f o r   100  h o u r s .  

In  c o n t r a s t ,   t h e   s a m p l e s   of  Run  Nos .   1-2   w h i c h  

had  l o w e r   Al  c o n t e n t s   in   t h e   Z n - A l   a l l o y   t h a n   s p e c i f i e d  

had  t h e i r   n u m b e r   of  t w i s t s   l o w e r e d   and  u n d e r w e n t   s e p a r a t i o n  

of  t h e   Zn  l a y e r   d u r i n g   h e a t i n g .   The  s a m p l e s   of  Run  N o s . 8 - 9  



w h i c h   h a d   e x c e s s i v e   Al  c o n t e n t s   had   t h e i r   a p p e a r a n c e  

s e r i o u s l y   i m p a i r e d .  

EXAMPLE -  2  

The  same  s t e e l   w i r e s   as  u s e d   in   E x a m p l e   1  w e r e  

i m m e r s e d   i n   Z n - A l   a l l o y   b a t h   h a v i n g   a  v a r y i n g   m i x i n g   r a t i o  

as  i n d i c a t e d   in   T a b l e   2  a t   a  t e m p e r a t u r e   30°C  h i g h e r   t h a n  

l i q u i d - p h a s e   c u r v e   f o r   a  v a r y i n g   p e r i o d .   They   w e r e   t e s t e d  

f o r   p o s s i b l e   s e p a r a t i o n   of   t h e   Zn  l a y e r   w h i l e   m e a s u r i n g   t h e  

n u m b e r   o f   t w i s t s .   The  r e s u l t s   a r e   as  shown  in   T a b l e   2 .  

From  T a b l e   2,  i t   i s   n o t e d   t h a t   t h e   s a m p l e s   of  Run  

Nos .   1 2 - 1 5   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i n d u c e d   n o  

s e p a r a t i o n   o f   t h e   Zn  l a y e r   w h i l e   m e a s u r i n g   t h e   n u m b e r   o f  

t w i s t s   s u b s e q u e n t   to   c o a t i n g   and   e x h i b i t e d   a m p l e   a d h e s i o n  

of   t h e   c o a t i n g   to   t h e   s u b s t r a t e   e v e n   when  t h e   i m m e r s i o n  

t i m e   was  v a r i e d   o v e r   a  w i d e   r a n g e .   T h u s ,   t h e   p r e s e n t  

i n v e n t i o n   h a s   an  a d v a n t a g e   t h a t   t h e   p r o d u c t i o n   c o n d i t i o n s  

can   be  s e l e c t e d   o v e r   a  w i d e   r a n g e .  



In  Run  Nos .   1 2 - 1 5 ,   t h e   s a m p l e s   f r e s h   o u t   o f  

c o a t i n g   w i t h   Zn  and  t h e   s a m p l e s   w h i c h   had  u n d e r g o n e   h e a t i n g  

a t   300°C   f o r   100  h o u r s   w e r e   t e s t e d   f o r   t e n s i l e   s t r e n g t h ,  

e l o n g a t i o n ,   n u m b e r   of   t w i s t s ,   f a t i g u e   s t r e n g t h ,   and  p o s s i -  

b l e   s e p a r a t i o n   of  t h e   Zn  l a y e r   w h i l e   m e a s u r i n g   t h e   n u m b e r  

of   t w i s t s .  

The  n u m e r i c a l   v a l u e s   of   t h e   t e s t   r e s u l t s   a f t e r  

t h e   h e a t i n g   we re   e q u a l   to   t h o s e   a f t e r   t h e   c o a t i n g   in   a l l  

t h e   s a m p l e s .   None  of  t h e  s a m p l e s   s h o w e d   a n y  s i g n   of   s e p a -  

r a t i o n   of   t h e   Zn  p h a s e   w h i l e   m e a s u r i n g   t h e   n u m b e r   of   t w i s t s .  

When  t h e   c o m p o n e n t   of   t h e   Zn  l a y e r   in   t h e   c r o s s  

s e c t i o n   of   t h e   w i r e   a f t e r   t h e   h e a t i n g   was  s u b j e c t e d   t o  

e l e c t r o n   p r o b e   m i c r o a n a l y s i s   (EPM.A),  f o r m a t i o n   of   an  i n t e r -  

m e t a l l i c   c o m p o u n d   of  F e - Z n   was  n o t   o b s e r v e d .   T h u s ,   t h e  

s a m p l e s   s e r v e d   to   d e m o n s t r a t e   t h e   h i g h   e f f e c t   of   t h e   A l - Z n  

a l l o y   in   c u r b i n g   t h e   g r o w t h   of   s u c h   an  i n t e r m e t a l l i c  

c o m p o u n d .  

( E f f e c t   of   t h e   I n v e n t i o n )  

The  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   o f  

t h e   p r e s e n t   i n v e n t i o n   c o n s t r u c t e d   as  d e s c r i b e d   a b o v e   b r i n g s  

a b o u t   t h e   f o l l o w i n g   e f f e c t s .  

The  i n v e n t i o n   p r o d u c e s   a  h e a t - r e s i s t a n t   g a l v a -  

n i z e d   i r o n   a l l o y   w i r e   by  d e p o s i t i n g   on  t h e   p e r i p h e r y   of  a n  

i r o n   a l l o y   w i r e   a  c o a t i n g   of  Z n - A l   a l l o y   s u b s t a n t i a l l y   c o m -  

p r i s i n g   0 .2   to   14  wt%  of   Al  and  t h e   b a l a n c e   of   Zn  a n d  



i n c l u d i n g   i n e v i t a b l y   e n t r a i n e d   i m p u r i t i e s .   I n c l u s i o n   of   A l  

in   t h e   c o a t i n g   c u r b s   t h e   g r o w t h   o f   t h e   F e - Z n   c o m p o u n d   l a y e r  

e v e n   when   t h e   c o a t e d   i r o n   a l l o y - w i r e - i s   e x p o s e d - t o   h e a t  

d u r i n g   i m m e r s i o n   in   a  f u s e d   a l l o y   b a t h   or   h e a t   u s e d   i n  

t h e r m a l   t r e a t m e n t   p e r f o r m e d   a f t e r   t h e   Zn  c o a t i n g .   T h u s ,  

t h e   c o a t e d   w i r e   d o e s   n o t   s u f f e r   f r o m   l o s s   of  t o u g h n e s s ,  

s t r e n g t h   o r   i n d u c e   s e p a r a t i o n   o f   t h e   Zn  l a y e r .   C o m p a r e d  

w i t h   c o n v e n t i o n a l   g a l v a n i z e d   i r o n   a l l o y   w i r e s ,   t h e  

g a l v a n i z e d   i r o n   a l l o y   w i r e   o f   t h e   p r e s e n t   i n v e n t i o n   e x h i b i t  

n o t a b l y   i m p r o v e d   t h e r m a l   r e s i s t a n c e   c a p a b l e   of   w i t h s t a n d i n g  

e l e v a t e d   t e m p e r a t u r e s   ( a b o u t   3 0 0 ° C ) .  

The   g a l v a n i z e d   i r o n   a l l o y   w i r e   of  t h i s   i n v e n t i o n  

p r o v i d e   v e r y   d e s i r a b l e   m a t e r i a l s   w h i c h   c an   be  u s e d   a s  

g a l v a n i z e d   i r o n   a l l o y   w i r e s   o r   g a l v a n i z e d   s t e e l   w i r e s .  

T h e s e   w i r e s   c a n   be  u s e d   f o r   u s e   in   s t r u c t u r a l   m e m b e r s   s u c h  

a s ,   f o r   e x a m p l e ,   r e i n f o r c i n g   m e m b e r s   i n   h e a t - r e s i s t a n t  

A C S R ' s .   T h e s e   w i r e s   can  be  u s e d   u n d e r   e l e v a t e d   t e m p e r a t u r e  

c o n d i t i o n s .  

W h i l e   t h e   i n v e n t i o n   h a s   b e e n   d e s c r i b e d   in   d e t a i l  

and   w i t h   r e f e r e n c e   to   s p e c i f i c   e m b o d i m e n t   t h e r e o f ,   i t   w i l l  

be  a p p a r e n t   t o   one   s k i l l e d   in   t h e   a r t   t h a t   v a r i o u s   c h a n g e s  

and   m o d i f i c a t i o n s   can   be  made  t h e r e i n   w i t h o u t   d e p a r t i n g  

f r o m   t h e   s p i r i t   and  s c o p e   t h e r e o f .  



1.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e ,  

c o m p r i s i n g :  

an  i r o n   a l l o y   w i r e   c o r e ;   a n d  

a  c o a t i n g   f o r m e d   on  t h e   p e r i p h e r y   of   t h e   i r o n  

a l l o y   w i r e   c o r e ,   t h e   c o a t i n g   c o m p r i s i n g   a  Z n - A l   a l l o y  

s u b s t a n t i a l l y   c o m p r i s i n g   0 .2   to   14  wt%  of   Al  and  t h e  

b a l a n c e   of   Zn  a n d  i n c l u d i n g   i n e v i t a b l y   e n t r a i n e d   i m p u r i t i e s .  

2.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   a s  

c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e   Z n - A l   a l l o y   c o n t a i n s   0 .2   t o  

0 .5   wt%  of  A l .  

3.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   a s  

c l a i m e d   in   C l a i m   2,  w h e r e i n   t h e   Z n - A l   c o n t a i n s   0 .2   t o  

1 .0   wt%  of  A l .  

4.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   a s  

c l a i m e d   in  C l a i m   3,  w h e r e i n   t h e   Z n - A l   a l l o y   c o n t a i n s   0 .2   t o  

0 .4   wt%  of  A l .  

5.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e   a s  

c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e   Z n - A l   a l l o y   c o n t a i n s   4 .5   t o  

5 .5   wt%  of  A l .  

6.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   a l l o y   w i r e ,  

c o m p r i s i n g :  

a  b a s e   c o r e   c o m p r i s e d   of   an  i r o n   a l l o y ;   a n d  

a  c o a t i n g   f o r m e d   on  t h e   p e r i p h e r y   of   t h e   b a s e  

c o r e ,   t h e   c o a t i n g   c o n s i s t i n g   s u b s t a n t i a l l y   of  Zn-Al   a l l o y ,  



t h e   a l l o y   c o n s i s t i n g   s u b s t a n t i a l l y   o f   0 . 2   to   14  wt%  Al  w i t h  

t h e   b a l a n c e   c o n s i s t i n g   s u b s t a n t i a l l y   of  Z n .  

7.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   w i r e   a s  c l a i m e d  

in  C l a i m   6,  w h e r e i n   t h e   c o r e   i s   c o m p r i s e d   of   a  F e - N i   t y p e  

a l l o y .  

8.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   w i r e   as  c l a i m e d  

in   C l a i m   7,  w h e r e i n   t h e   c o r e   i s   c o m p r i s e d   o f   35  to   42  wt% 

Ni  and   a  t o t a l   of   0 . 2   to   10  wt%  of  an  e l e m e n t   s e l e c t e d   f r o m  

t h e   g r o u p   c o n s i s t i n g   o f   Cr ,   Mo,  S i ,   Mn,  C,  Nb,  Co,  A l ,   Mg,  

and   T i ,   t h e   r e m a i n d e r   o f   t h e   a l l o y   b e i n g   F e .  

9.  A  h e a t - r e s i s t a n t   g a l v a n i z e d   i r o n   w i r e ,   c o m p r i s i n g :  

a  c o r e   c o m p r i s e d   of   an  i r o n   a l l o y ;   a n d  

a  c o a t i n g   f o r m e d   on  t h e   p e r i p h e r y   of   t h e   c o r e ,  

t h e   c o a t i n g   c o n s i s t i n g   s u b s t a n t i a l l y   of  a  Z n - A l   a l l o y  

c o n s i s t i n g   s u b s t a n t i a l l y   of   0 . 2   to   14  wt%  A l ,   0 . 0 0 1   to   0 . 1  

wt%  of   an  e l e m e n t   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   of   B e ,  

Ca,  and   r a r e   e a r t h   e l e m e n t s   c a p a b l e   of   p r e v e n t i n g   o x i d a t i o n  

of   Zn  and   A l ,   t h e   r e m a i n d e r   of   t h e   a l l o y   b e i n g   Z n .  
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